It is not intended in this short contribution to review the earlier work on methods of isolating acidfast bacteria, and on the development of various types of solid media. Undoubtedly the most outstanding contributions of recent years arise from the investigations of Dubos and his co-workers on different "wetting" compounds which permit the rapid growth of Mycobact. tuberculosis in dispersed form.
portion which is sterilized by filtration is added to a slightly modified Dubos medium in which the vegex is replaced by yeastrel (Paterson and Winmill, 1950) ip the proportion of 0-2 ml. serum to 5 ml. of medium. The growth of human, bovine and avian strains is more rapid than in the conventional medium of Dubos.
It would be of advantage to incorporate substances of simpler composition than asparagine or casein digest as a source of nitrogen. Dubos (1947) has shown that in the presence of Tween 80 dispersed growths can be obtained in a medium in which ammonium sulphate is incorporated as the main source of nitrogen. Ackart (1951) has recently reported that Myco. tuberculosis var. avium will propagate very rapidly in a Dubos type of medium containing succinic acid in the place of glucose as the main source of carbon, and ammonium succinate as a source of nitrogen. This observation has been confirmed and an excellent medium has been devised as follows: disodium hydrogen phosphate, 6-3 grammes; potassium dihydrogen phosphate,* 10 gramme; sodium citrate, 1 5 grammes; magnesium sulphate, 0-6 gramme; ammonium succinate, 0-8 gramme; succinic acid, 1 2 grammes; iron ammonium citrate, 0 02 gramme; glycerin, 2X0 ml.; water to 1,000 ml. It will be noted that yeastrel, asparagine and glucose have been omitted and that there is no Tween 80.
It has recently been found that the latter can be added to the Liquoid-treated serum (25 ml. of a 10j% solution to each 100 ml. of treated serum) before filtration. This serum mixture can be stored at 0°C. indefinitely without any evidence of break-down of the wetting agent, and is added to the salt mixture (0X2 ml. to each 5 ml.).
In simplifying media by the omission of complex substances such as casein digest and yeast extract, care must be exercised lest factors essential for growth are inadvertently omitted. Baisden (1951) has observed that'certain samples of asparagine obtained in 1950 were unsuitable for the growth of Myco. tuberculosis in the Bureau of Animal Industry medium of Dorset currently used for tuberculin production, whereas later samples were quite satisfactory. A chemical analysis showed that recent samples were more highly purified and were lacking in Zn, which, as demonstrated earlier by Henley (1940) , is necessary for the metabolism of acid-fast bacteria. A similar phenomenon was encountered in our work with a sample of iron ammonium citrate in which a batch of recent manufacture gave very poor results, growth being much less active than in Dubos media. An old batch, however, was satisfactory. It was found that the latter contained appreciable amounts of both Zn and Cu which were absent from the newer sample.
The observation of Davis and Dubos (1948) and Taylor (1950) that the addition of the growthpromoting factors of Myco. phlei to Dubos medium fails to render it suitable for Johne's bacillus has been confirmed. However, the asparagine medium with Liquoid-treated serum has proved satisfactory provided it contains about 3 % glycerin extract of Myco. phlei prepared by the method of Taylor (1950) . At first strains grew very slowly and sparsely, and visible growth was not observed before the third week, but on repeated subculture the rate of growth was increased and the period of incubation was shortened. Two strains were well established after five passages, three were more difficult to adapt, while three were completely refractory. Allen (1952) has reported that in a simple asparagine medium without phlei extract a marked growth of Johne's bacillus was observed after six weeks, but he does not state whether the organisms were in a dispersed state. Very rapid growths have now been secured in the ammonium succinate, succinic acid medium with phlei extract: moreover, ten strains have been established including the three just mentioned which failed to grow in the earlier type of medium. So far it has not been possible to isolate Johne's bacillus from natural material. The medium has also been most useful for obtaining dispersed growths of the vole bacillus.
Solid Media Treatment of contaminated material containing acid-fast organisms.-The choice of an agent for the elimination of contaminating organisms is still a matter of individual preference. The original method of treatment with NaOH or antiformin has been supplemented by sulphuric acid, hydrochloric acid, oxalic acid, and, quite recently, trisodium phosphate. The problem is to select an agent at a suitable strength and allow it to act for a suitable period so that all the contaminating organisms are destroyed without undue harm to the acid-fast bacilli. This ideal has certainly not yet been attained: moreover, the problem is particularly complex in the veterinary field where it is frequently desirable to isolate acid-fast bacilli from faecal material heavily contaminated with spore-bearing organisms.
In many cases claims have been made that a new agent is more satisfactory than one in current use because when tested on tuberculous sputa a higher proportion of positive results, usually based on a cultural examination, is obtained. The experiments often fail, however, to give any information on the proportion of acid-fast bacilli which is still alive after treatment. The following experiment shows the effect of NaOH. A sample of normal sputum was emulsified with a saline suspension of Myco. tuberculosis. The infected sputum was then treated with 4% NaOH at 370 C. for varying periods. Serial dilutions of the original material and of the NaOH-treated samples were then inoculated into guinea-pigs with the results shown in Table I . In my hands treatment of heavily contaminated material with alkalis has given the most consistent results. Oxalic acid is certainly useful, but it is doubtful if the recently introduced sodium phosphate is entirely satisfactory. Corper and Stoner (1946) claimed better results than with any other agent. Gifford, McKinley and Hunter (1951) also obtained superior results with phosphate as compared with NaOH. Beattie (1949) , on the other hand, states that in heavily infected sputa, phosphate affected the acid-fast organisms adversely as compared with hydrochloric acid. The incorporation of dyes such as gentian violet, malachite green, &c., in the medium with the object of restraining the growth of non-acid-fast organisms is of doubtful value. If preliminary treatment fails to suppress the contaminants the dyes are unlikely to do so: moreover, some of them appear to delay the growth of the acid-fast bacilli.
Value ofEgg Media
Earlier workers, particularly A. S. Griffith, were most insistent on the value of Dorset egg media, with and without glycerin, for the primary isolation of tubercle bacilli. Unsatisfactory results which have been reported may have been due to the liberation of certain fatty acids from egg yolk which have a delaying effect on growth. For example, Corper and Clark (1946) showed that toxic fatty acids may be set free in stored eggs. These inhibitors which are soluble in acetone (Eggerth, 1950) are highly bacteriostatic (Buu-Hoi, 1945) . The most active are those containing 12 to 16 C atoms, e.g. palmitic (Drea, 1944) .
Efforts have been made to improve egg medium by the incorportion of asparagine, liver extract, casein, potato extract or starch. Some doubt may be expressed as to whether the advantages claimed for the complex media such as Lowenstein, Petragnani, and so on, have been as significant as has been alleged. In some cases the addition of various substances to egg media may have had an unfavourable effect. For example, it has been shown that the incorporation of glycerin potato extract to an eggyolk medium, officially recommended by the Trudeau Society in 1946, is not only unnecessary, but may result in a delay in the appearance of colonies. In designing new media it is important to avoid any process which may permit the liberation of toxic fatty acids. It is of interest that there is a tendency to return to the simple egg media. Attention may be drawn to the observation of Taylor (1950) , that a medium with a high yolk content has given a much higher percentage of positive cultures of Johne's bacillus than the more complex media formerly used.
Dr. S. D. Elek: The Serodiagnosis of Tuberculosis.
There is a great need for a reliable serum diagnostic test for tuberculosis. Sera can be examined in large batches and the methods are generally economical in labour and materials. In the human field it would be a useful adjunct to mass radiography as it would be equally effective in extrapulmonary forms of tuberculosis. In the veterinary field it might clarify the information obtained from the tuberculin test. Not unnaturally, therefore, attempts were made at a very early date to develop such a test and in 1898 Arloing and Courmont advocated an agglutination test using a special strain of tubercle bacilli. This test proved to be totally unreliable for diagnostic purposes. Next came the application of the complement-fixation reaction, which gained fairly widespread acceptance in France, but was never popular in this country. The figures quoted by Rieux (1926) appeared hopeful enough but the number of false positives was great. The test is generally positive in chronic pulmonary tuberculosis, but such cases can be readily diagnosed by other means, and in early disease the results of the complement-fixation reaction are unreliable. There was little interest in this field until recently when Middlebrook and Dubos in 1948 described an ingenious technique for the demonstration of antibodies to tubercle bacilli. The technique consists of coating red cells with a bacterial product, and cells so treated become agglutinable by antibodies acting against it. The agglutination of red cells is easy to observe and the test has become known as the "hnmagglutination reaction in tuberculosis". Middlebrook and Dubos showed that, by its means, antibodies can be demonstrated in the sera of experimentally infected tuberculous animals. Beyond that they did not go. Rothbard, Dooneief and Hite (1950) , however, reported very favourably on the test when they tried it on human cases in New York and similar reports came from Gernez-Rieux and his co-workers (1949) in France. For our work we have chosen a somewhat simplified technique (Hilson and Elek, 1951) . In the original method sheep red cells were used, but since human sera contain agglutinins to them, a preliminary absorption had to be carried out. We used human group 0 cells and a capillary agglutination test of proven value in Rhesus work. Apart from these technical modifications the test was the same-but our results did not agree with the findings of the earlier workers (Table I) . Those workers who obtained a high percentage of positives in tuberculous patients also found a high percentage of false positives. The relationship of the percentage of correct positives to the percentage of false positives constitutes the index of the reliability of a test of this kind. Ideally, of course, all the genuine positives should be recovered while there should be no false positives. To a limited extent this problem is technical. Perhaps it is not sufficiently realized, that by adjusting the sensitivity of a serological test it is possible to abolish all the false positives, but generally there is also a reduction in the percentage of genuine positives. This is well illustrated by the behaviour of the Wassermann and precipitation tests used for syphilis.
The hemagglutination test was originally carried out with Old Tuberculin. This showed a test of poor sensitivity and rather large numbers of false positives. Somewhat better results were obtained when a carbohydrate extract was substituted for crude tuberculin. Another observation made was that heating of human sera to 560 C. for half an hour increased the specificity of the test. Furthermore the keeping of fresh sera in the unheated state even at 50 C. resulted in a considerable loss of the antibody. A somewhat similar paradoxical state of affairs exists with human sera used for Rhesus work: there is a loss on keeping although the antibody is fairly heat stable. It suggests that proteolytic enzymes present in the serum destroy the antibody, while heating of the sera will inhibit this mechanism. It would be particularly interesting to know whether this anomalous behaviour is a property of human sera, or whether a counterpart exists in the veterinary field.
With all the modifications, however, we were unable to improve the test beyond giving one-quarter of the positives in the tuberculous group at a level at which no false results were encountered.
It might be useful to compare the requirements in human pathology and contrast them with those in the veterinary field. In medicine we are not so much concerned with the diagnosis of tuberculous infection which is accessible by other means, but we would like to assess the activity of the disease, that is to say the immune state ofthe individual patient. In the veterinary field the problem is essentially different: it is the earliest manifestation of infection that is sought with a view to the complete eradication of disease from domestic stocks. While in animals we are dealing with virgin soil so far as tuberculosis is concerned, in medicine at present we have to assume that everybody is infected or potentially exposed to infection, and what we are primarily interested in is the measurement of an individual's capacity to resist the infection. If we employ a serological approach, the essential question is whether the antibodies detected by these means reflect the immune state of the animal. The production of antibodies is a general reaction of the body: the protective action of certain antibodies is probably only incidental. In the course of an infection antibodies are formed against a very large number of bacterial constituents. Some of these bacterial antigens have no role in the development of disease and the antibodies formed against them will be of no particular use to the patient. Yet other bacterial antigens are essential for the pathogenicity of a given microbe for a particular host and antibodies formed against them will have a protective role. As we know more and more about the antigens which are essential for the pathogenicity of a given microbe for a given animal we tend to link the antibodies formed against them with the diagnosis of a particular disease. For instance, in the Widal reaction, the Vi antibody is obviously of greater significance than the flagellar antibodies. One might almost say that there are two kinds of bacterial antibodies: those that throw some light on the immune state and those which are accidentallypresent. While both kinds could be used for diagnostic purposes, the former are obviously more important. If we follow up the analogy of the Widal reaction, the problem of a tuberculous patient is analogous to the interpretation of the Widal reaction in an inoculated individual. Should such an individual develop typhoid, a reliable serological guide would be the demonstration of an increase in true protective antibodies of the Vi type.
Does the haemagglutination reaction reveal the presence of such a protective antibody? The fact that only a proportion of tuberculous individuals give the reaction in a significant titre suggested to some of the workers that it might reveal clinical activity. Claims in this respect have been made by Rothbard and his co-workers and by Smith and Scott. At present we are without a single reliable criterion of activity and it has to be assessed on a combination of observations. Recent work suggests that the claims made cannot be substantiated. There does not appear to be any correlation between positive tests in tuberculous patients and the clinical assessment of the case. Likewise the hemagglutination reaction titre is not found to be correlated with erythrocyte sedimentation rate, duration of disease or the presence or absence of a positive sputum. It is possible, however, that the himagglutination test may find a limited usefulness in the veterinary field. Avian tuberculosis presents no problem in human pathology, but in the bovine species hypersensitivity reactions to tuberculin have to be differentiated from infections with the mammalian types. The allergic reaction is based on protein fractions which are fairly widely distributed amongst acidfast bacilli. At present only quantitative differences can be used for the differentiation of avian and mammalian allergic reactions. It is quite clear, however, that the protein derivatives play no part in the heemagglutination reaction. The coating agent is almost certainly of a polysaccharide nature and can be obtained in a concentrated form after removal of the proteins by trichloracetic acid precipitation.
There is reason to think that the tuberculin reaction overestimates the number of mammalian infections in cattle. Our investigation of a single strain of avian tubercle bacillus indicated that the polysaccharide fraction may not be common to both avian and mammalian strains. It is possible 13 479 therefore that the hamagglutination reaction will be of some use in the veterinary field especially since in this virgin soil a low titre would be significant.
To sum up, the hemagglutination reaction is of very little practical use in medicine in spite of the enthusiasm with which it was received. If circulating protective antibodies play a part in the natural history of tuberculous infections they have yet to be found. None of the fractions of tubercle bacilli so far investigated can serve as the basis of a satisfactory serological test and we have no knowledge on what chemical fractions the virulence of the tubercle bacillus rests. Once this gap is safely bridged we can look forward to a serological test giving an indication of the immune state of an individualif indeed the immune state is associated with circulating protective antibodies.
Mr. P. Stuart: Bovine Mastitis Resembling Tuberculosis Caused by Rapidly Growing Acid-fast
Bacteria. Ten cases have been diagnosed up to the present, all of which had very similar histories. The cows were at first affected with a more or less acute mastitis which was probably caused by streptococci. All were treated by intramammary infusions of penicillin-oil-wax suspension or of diamino-diphenyl sulphone in oil, or of both of these, and the acute reactions subsided. This was soon followed by chronic changes which resulted in enlarged, painless, indurated quarters suggesting tuberculosis of the udder, and acid-fast bacilli were found in films of milk at this stage. One of the first cases diagnosed has been under observation for more than a year. The affected quarter still remains enlarged and indurated, and the acid-fast bacilli are still being excreted.
In films of milk deposit from affected quarters the bacilli tended to be a little stouter and more pleomorphic than Mycobacterium tuberculosis and varied more in brightness of red after Ziehl-Neelsen staining. Groups of endothelial cells which are an important diagnostic feature of tuberculous milks were present in some of the infections but in these cases the bacilli were not concentrated in or around the cell groups.
The cut surface of affected quarters had a mottled appearance similar to that of diffuse granulomatous tuberculosis but no lesions were present in the supramammary lymph nodes. The lesions in the nodes were granulomata which contained some giant cells, but in the centre vacuoles were present which contained a globule of oil or fat. The acid-fast bacilli were concentrated in these globules and only a few were seen in the surrounding cellular zone.
Cultural tests showed conclusive differences from cases of tuberculosis and confusion would arise only in mixed infections. Colonies of the organisms were visible in two days and they grew as well on blood agar and glycerin agar as they did on egg media. The colonies were at first moist, smooth and greyish but later they became drier and pigmented to a yellow or almost orange colour. The organisms from young cultures were bacillary and most were acid-fast, although there was always a small proportion which were non-acid-fast; in older cultures they became cocco-bacillary and the proportion of non-acid-fast organisms increased with the age of the culture. When cultures were prepared from affected udder tissue the organisms withstood treatment with 5 % oxalic acid for thirty minutes or more, but those in milk deposit were killed by such treatment, and were greatly reduced in numbers in as short a time as five minutes. Blood agar containing 1 in 30,000 malachite green is now used as a selective medium for primary cultures without prior oxalic acid treatment of the materials.
The methods of Merril (1931) , Gordon (1937) , Gordon and Hagan (1938) and Thomson (1932) were used in identifying the bacilli. These are based on temperature range of growth, heat survival, carbohydrate utilization and colonial appearance. The strains isolated from 8 cases belonged to Thomson's Group I and followed the description of Myco. lacticola given in the 6th edition of Bergey's Manual. Another similar organism isolated from one case fell into Group II of Thomson's classification whilst a third did not fit into any group, and, although it was strongly acid-fast, it may not belong to the Mycobacteria. A description of these organisms has been given in a previous publication, Stuart and Harvey (1951) . On account of the similarity of these cases to tuberculosis a considerable number of biological tests were carried out on milk samples and affected tissues in guinea-pigs, rabbits and chickens. Macroscopic lesions were produced only when milk deposit plus cream was inoculated into guinea-pigs subcutaneously; the lesion was a local abscess which contained acid-fast bacilli. When pus from these abscesses was inoculated into further guinea-pigs no lesions resulted. Similarly cultures in saline suspension caused no lesions, but oily suspensions of cultures caused multiple abscesses in the lungs and kidneys when injected intravenously into rabbits.
The affected cows gave no reaction to either avian or mammalian tuberculins injected intradermally and guinea-pigs inoculated with infected materials or cultures also gave little or no reaction to these tests. A P.P.D. was prepared from the Group I and from the Group II Mycobacteria by A. B. Paterson at Weybridge Laboratory. Four heifers which had been inoculated intradermally with oily suspensions of these organisms reacted specifically to the corresponding P.P.D. and not to avian or mammalian tuberculins, and the one field case of Group I Mycobacterium infection which was tested with these preparations, reacted only to the Group I Mycobacterium P.P.D.
When suspensions of cultures of the acid-fast bacilli were infused into normal lactating and nonlactating bovine udders no clinical change occurred and no abnormality could be detected in the tissue microscopically when the cows were slaughtered four to six months later. The infusion of normal lactating udders with oily suspensions of cultures resulted in a mastitis indistinguishable from the field cases. This also occurred when tubes of penicillin-oil-wax suspension were contaminated with cultures of the bacilli and infused into the udder. The acid-fast bacilli were recovered from milk samples in large numbers until the animals were slaughtered. The macroscopic appearance of the cut udder tissue, the cultural and histological findings in these experimentally produced cases were the same as in the field cases, and the oil globules containing masses of the bacilli were present.
The udder of a control cow was infused with sterile tubes of penicillin-oil-wax suspension and with sulphone in oil. No abnprmality occurred and no lesions could be found in sections of the infused quarters.
It would seem, from the findings in the field cases and from the experimental infections of udders, that both oil and the acid-fast bacilli are essential for the production of lesions. The pathogenic effect of the rapidly growing acid-fast bacilli in oil has been recognized in experimental work in laboratory animals since Rabinowitsch demonstrated it in 1897 using butter containing the butter bacillus, but the only importance generally attached to the presence of these organisms in diseases of man and domestic animals is on account of their morphological similarity to, and possible confusion with Myco. tuberculosis. Beaver and Bayne-Jones (1931) describe a case of pulmonary disease resembling tuberculosis in a child, and which was apparently caused by an organism not unlike those we isolated from the bovine udders.
Mr. N. H. Hole: Complement-fixation Tests and the Mycobacteria Infections.
My contribution is based mainly on some experiments we are carrying out at Weybridge to determine the practical value of complement-fixation tests in the diagnosis of Johne's bacillus infection in cattle. These experiments are in progress, and this communication is one of preliminary rather than of conclusive findings.
This serological method of diagnosis has been tried in the past, and has been discarded mainly on the grounds of non-specificity. We have no reason to suggest that the methods we are using are any more specific than those used by other workers. We know that a cross reaction is obtained with bovine tuberculosis, and probably with avian tuberculosis, but if we exclude these two conditions we are not convinced that non-specificity is a factor of major importance. Before assessing the value of our early results, it is necessary briefly to consider the meaning of infection in Johne's disease. The clinical condition is well known, but it is now quite certain that in this disease, as in tuberculosis, infection may be present in apparently normal animals. Our evidence is that extensive lesions may be present without symptoms, and that it is by no means certain that infection will ultimately terminate in the clinical disease. We have, therefore, a problem within a problem; we consider that our preliminary results suggest that the methods we are using are a promising means of determining infection during life, but we have no reason to suppose that these tests will prove to be of value for deciding which reacting animals are liable to become clinical cases. On the other hand, as soon as an animal is clinically suspect, the test has proved a very accurate means of determining whether the symptoms are due to Johne's disease. In this respect, in our experience, it has proved far superior to other, nonserologcal methods of in vivo diagnosis.
The test we are using is a modified simple hemolytic complement-fixation test, in which guinea-pig complement, sheep red cells and anti-sheep horse heamolysin are used. We have tried several types of antigen, including modifications of Negre's alcoholic extracts of the organism and the tissue extracts of Sigurdsson, but for routine use we have reverted to the simplest antigen, namely a saline suspension of washed Johne's bacilli. It is the use of such a particulate antigen that enables us to apply a modification in technique which we have found most useful, in that it avoids the anti-or procomplementary action of the test sera. A wide range of such complement interference is met with in testing large numbers of individual bovine sera. It is quite a common practice to reduce such anticomplementary action by raising the temperature of inactivation. With the mycobacteria we consider this may be dangerous, because we have a strong suspicion that the antibody, or part of it, is not very thermostable. We therefore inactivate our sera for half an hour at 560 C. Dilutions of the sera are then mixed with the standard dose of antigen, and are left in contact for one hour at room temperature to allow any antibody present to become adsorbed by the antigen. The organisms are then spun down, the supernatant is discarded, and the deposit is resuspended in fresh saline. The dose of complement is added to this serum-free suspension, and half an hour at room temperature is allowed for fixation to occur if the antigen has been sensitized. The hemolytic system is then added and the whole is incubated in the usual way. The dose of complement is estimated in the presence of the antigen. This modification adds to the labour of the test, but we consider the standard results obtained make it worth while.
Complete fixation with a serum dilution of 1 in 5 is regarded as positive. The serum of a very strong reactor may have a titre of I in 80. The titre does not appear to be related to the extent of the lesions.
The specificity of the reaction is obviously dependent on the selectivity of the antigen. We have not found any of the antigens we have used to be capable of directly differentiating antibodies to bovine or avian tubercle bacilli from antibodies to Johne's bacillus. Experience suggests that we are detecting a group antibody, and that the antigen involved is predominately present in the bacillary antigens and alcoholic extracts of the avian and Johne's bacilli; it is less readily obtained from bovine and human strains. Curiously, in a few experiments in which we tried P.P.D. tuberculin as an antigen, the reverse proved to be the case; the mammalian preparation was found to have quite a good antigenic titre, but the avian preparation was of very little practical value. The obvious inference is that a different antigen-antibody complex is involved. The few tests done with P.P.D. antigen did not suggest any greater specificity, and corresponding results were obtained with the organismal antigen. This is an aspect of the work to which we hope to give more attention.
We have applied this test to naturally occurring Johne's disease in the field, with two main objectives. The first has been to determine its possibilities as a means of confirming the existence of the disease in clinically suspected animals. Preliminary results have been very satisfactory, for in about 95 % of such cases that we have been able to follow to slaughter, the test result and the post-mortem findings have agreed. At present we have complete data only on about 60 such animals, mostly positive cases; we hope to make our final assessment on a much greater number, with a more even distribution of positives and negatives. The second objective is, by regular blood testing, to build up a serological picture of all the animals in a number of infected and a few non-infected herds, with the ultimate object of following animals from birth to death, and of correlating the blood reactions in life with the postmortem findings. We have avoided the complication of bovine tuberculosis by using only attested herds; true avian tuberculosis in the bovine we believe to be comparatively uncommon. It is too early in this experiment to assess the results; in some severely affected herds the test has proved a remarkably successful means of forecasting future clinical cases, but in other herds, although the results suggest it may prove a reasonable method of detecting infection, theliability of reacting animals to become clinical is not nearly so marked. I will conclude with two further observations. Firstly, a serological response appears to develop very slowly after infection; in the experimental disease it may take as long as nine months. Secondly, our earlier statement that there is a cross-reaction with bovine, and probably avian tuberculosis, needs amplification. In the few instances in which positive mammalian tuberculin reactors have been tested by the Johne's complement-fixation test, the result has always been positive; on the other hand a positive reaction to avian tuberculin does not appear to be connected with the serological response. We are differentiating between infection and reaction to the tuberculin test. The interpretation of the official tuberculin test in the bovine depends largely on the comparative response of an animal to mammalian and avian tuberculins; an animal developing a mammalian reaction in excess of the avian is considered to be infected with bovine tuberculosis, and this has proved to be a very accurate means of diagnosis. Where the response to the avian tuberculin is the greater, the reaction is ascribed to avian or non-specific infection. Time does not permit us to enlarge on the interesting comparison of tuberculin and complement-fixation tests. We simply state that animals classed as bovine tuberculin reactors have invariably reacted to our Johne's serological test; the reverse does not apply. Avian tuberculin reactors, on the other hand, may be complement-fixation positive or negative. Many serologically positive and Johne's infected animals are completely negative in their reaction to either tuberculin. Our present opinions on this point may be summarized by stating that we believe our complement-fixation method may prove group specific for bovine and avian tuberculosis and Johne's disease, and thus exclude a number of non-specific conditions that apparently may give rise to avian tuberculin reactions. It is true that certain cases of so-called skin tuberculosis have reacted serologically; many do not. We have had no opportunity yet to prove, in the reacting cases, that there is not a concurrent infection with Johne's bacillus. This possible greater selectivity of the complementfixation test is a significant consideration that needs much confirmatory evidence before it can reasonably be accepted.
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